In the years 2002-2008, missions were undertaken in the USA and Canada to search for wild and weedy Lactuca species. Altogether, 16 states in the USA (Arizona, and Wyoming) and two provinces in Canada (Ontario and Quebec) were visited. In total, seven wild and weedy Lactuca spp. (L. serriola, L. saligna, L. virosa, L. canadensis, L. biennis, L. floridana, and L. ludoviciana), an interspecific hybrid (L. canadensis × L. ludoviciana), and an undetermined Lactuca species were observed and collected in 200 locations. In this paper, we present new data on the distribution and ecobiology of Lactuca naturally occurring in North America. Morphological assessment of L. serriola samples acquired from North America revealed considerable intraspecific phenotypic variation. Although L. serriola samples originating from various ecogeographical regions differed significantly in their genetic polymorphisms (based on AFLP markers), little variation was observed in their absolute DNA content.
INTRODUCTION
The wild relatives of agricultural crops conserved in genebank collections constitute a broad genetic base that can provide essential materials for plant breeding (Lebeda et al., 2007) . In many cases, the primary genepools of cultivated crops have been carefully examined but have been found deficient as sources of specific traits important for breeding. Those deficiencies have motivated expeditions to regions of high agrobiodiversity and increased emphasis on the utilization of wild crop relatives (Hajjar and Hodgkin, 2007; Lebeda et al., 2009a) . Newly collected germplasm accessions serve as donors of new resistance genes against diseases, pests, and abiotic stresses, as well as of genes for improving physiological and quality traits (Lebeda et al., 2007) . During the last 30 years, there has been considerable progress in the collection, characterization, and practical application of Lactuca L. germplasm collections, as well as in filling in gaps in our knowledge about the biology and ecology of many Lactuca species (Lebeda et al., 2009a) .
Current information about the geographic distribution of wild and weedy Lactuca species in North America is still incomplete (Funk et al., 2009; Lebeda et al., 2004b) , and readily available genetic resources of Lactuca from this geographic area are limited (Lebeda et al., 2004a) . For these reasons, exploration missions to the United States and Canada were conducted in the years 2002, 2004, 2006 and 2008, to 16 states of the USA and two Canadian provinces (Lebeda et al., 2011) .
The aim of the research described herein is to present information on the distribution, ecogeography and ecobiology of Lactuca species occurring spontaneously in North America. This paper summarizes preliminary results on phenotypic and genotypic variaa ales.lebeda@upol.cz Proc. XXVIII th IHC -III rd IS on Plant Genetic Resources Ed.: K.E. Hummer Acta Hort. 918, ISHS 2011 tion of wild and weedy Lactuca accessions collected in North America, with a strong emphasis on L. serriola L. These accessions are currently maintained in the working collection of the genebank at Palacký University in Olomouc, Czech Republic to support research in ecogeography, plant biology, and genetic diversity, and to enrich the genetic resources available for lettuce breeding.
MATERIALS AND METHODS

Field Studies and Collecting Missions
To study the distribution and ecogeography of wild and weedy Lactuca in North America, extensive parts of the United States and Canada were explored. In the United States, 16 states representing the Northeast (New York), Midwest (Wisconsin, Iowa, Minnesota, South Dakota), West (Wyoming, Montana, Idaho, Utah, Colorado, Arizona, Nevada, California, Oregon, Washington) and South (North Carolina) were surveyed. In Canada, expeditions were made only in two provinces (Quebec, Ontario) . Detailed information about these expeditions and summaries of the passport and ecogeographic data of the seed samples collected is provided elsewhere (Lebeda et al., 2011) . All seed samples have been incorporated into the working collection of Lactuca germplasm in the Department of Botany, Palacký University in Olomouc, Czech Republic (http://botany.upol.cz).
Morphological Characterization
Morphological assessments of 231 L. serriola seed samples were performed during the course of their regeneration (during the vegetative period from April to October 2009) in a greenhouse under controlled conditions (Lebeda et al., 2007) . Assessments included 12 quantitative and qualitative characters of stems (e.g., form of branching, character of indumentum), rosette and cauline leaves (e.g., rosette formation, depth of leaf incisions), inflorescences and flowers (e.g., inflorescence type, anthocyanin presence in bracts), following published descriptor lists for wild Lactuca species (Doležalová et al., 2002a (Doležalová et al., , 2003 .
Analysis of Absolute DNA Contents in L. serriola
Absolute content of nuclear DNA was measured in ten genotypes of L. serriola originating from USA and Canada. The measurements were done in two flow-cytometry labs (Department of Botany, Palacký University in Olomouc and Department of Botany, Charles University in Prague). The relative fluorescence of nuclei was measured with a CyFlow ML cytometer (Partec GmbH, Münster, Germany) equipped with an argon ion laser. The instrument was calibrated before each set of measurements with a standard of pea nuclei (Pisum sativum 'Ctirad'; 2C=9.09 pg). The nuclei of L. serriola were isolated in OTTO I buffer and stained in OTTO II buffer supplemented with DNAse free RNase A (50 μg/ml) and propidium iodide (50 μg/ml) (http://www.ibot.cas.cz/fcm/suda). At least 5,000 nuclei were analyzed in each sample.
AFLP Polymorphisms in L. serriola
A subset of 92 accessions covering a broad transect of territory between the southwest (California, USA) and northeast (Quebec, Canada) was used for preliminary evaluation of genetic differentiation of L. serriola accessions. Genomic DNA was extracted from bulked leaf samples taken from ten individual plants of each accession by the CTAB method (Kump and Javornik, 1996) . The integrity and quality of DNA were estimated on 0.8% agarose gels. Concentrations of DNA samples were determined by a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, Delaware, USA). Amplified Fragment Length Polymorphism (AFLP) analyses were conducted by using the original protocol of Vos et al. (1995) , with modifications after Kitner et al. (2008) . In total, ten primer combinations were used for AFLP analyses. Three primer combinations with 3+3 selective nucleotides were fluorescently labelled and amplicons detected on an automated ALFexpresII sequencer (Amersham-Pharmacia Ltd., Amersham, Buckinghamshire, England). The AFLP fragments of the other seven primer combinations with 3+4 selective nucleotides were separated on 6% polyacrylamide gel and visualised by silver staining. The fingerprints were scored manually, and resulting data subjected to statistical analysis with NTSYS-pc software (Rohlf, 1998) by using Jaccard's coefficient of similarity and the Unweighted Pair Group Method with Arithmetic mean (UPGMA) clustering algorithm to construct dendrograms (with bootstrapping based on 1000 replicates).
RESULTS AND DISCUSSION
Field Studies and Collecting Missions
In total seven wild and weedy Lactuca species (L. serriola, L. saligna L., L. virosa L., L. canadensis L., L. biennis (Moench) Fernald, L. floridana (L.) Gaertn., L. ludoviciana (Nutt.) Riddell), an interspecific hybrid (L. canadensis × L. ludoviciana), and an undetermined Lactuca species were observed and collected in 200 North American locations ( Table 1 ). The largest number of localities was visited in California (56); nevertheless, the largest number of wild Lactuca species was recorded in Iowa (5). The most common taxon, L. serriola, was observed in all states and provinces visited, except for North Carolina and New York. From an orographic viewpoint, populations of L. serriola were recorded from 6 to 3524 m a.s.l. L. saligna was recorded only one time at abandoned, small gardens in Salinas, California. L. virosa was found in Washington State along the road to Mount Saint Helens on stony rubble, situated at ca. 1000 m a.s.l. Typical habitats of L. serriola were along transport corridors, including roadsides, ditches, parking lots and petrol stations, as well as on grassy slopes. Three native North American taxa, L. canadensis, L. floridana, and L. ludoviciana, were collected only in Iowa. L. canadensis populations were observed at elevations from 281 to 336 m a.s.l., where the plants were widely distributed along roadsides in ditches and ruderal places. L. floridana was recorded only on a limited scale in Ames, IA, along the banks of Squaw Creek. Plants of L. ludoviciana were grown along a roadside west of Ames, at an elevation of 326 m a.s.l. Lactuca biennis was found only in Canada in Saint-Patrice-de-Sherrington, in southern Quebec, at an elevation of 61 m a.s.l., in a grassy ditch near a water canal. In some locations, infections of downy mildew (Bremia lactucae) (on L. serriola and L. biennis) and powdery mildew (Golovinomyces cichoracearum) (on L. serriola) were observed. Most plant-disease findings were recorded in Canada (Lebeda et al., 2011) .
There are reports of 12 wild and weedy Lactuca species from the New World, with 10 occurring in North America (Lebeda et al., 2004b) . Into this group belong species native from Canada to Florida, which form a so-called "North American group" (Lebeda et al., 2007) , as well as synanthropic and cosmopolitan species (L. serriola, L. saligna, L. virosa) (Cronquist, 1980; McGregor et al., 1986) . The autochthonous Lactuca species in North America include L. canadensis, L. graminifolia Michx., L. biennis, L. floridana, L. ludoviciana, L. hirsuta Muhl. ex Nutt., L. terrae-novae Fern. and L. tatarica (L.) C.A. Mey. subsp. pulchella (Pursh) Stebbins (Lebeda et al., 2004b) . These species are annual, biennial or perennial with broad phenotypic variability, particularly in terms of leaf shape. An increasing interest in determining the geographic distribution of these wild Lactuca populations and sampling them from natural habitats resulted in the initiation of our collection expeditions. Field observations and detailed surveys of naturally occurring populations there provide new information on inter-and intrapopulation structure of Lactuca species. This can be useful for taxonomists, plant-population biologists, weed scientists, ecologists, and curators of Lactuca germplasm collections, as well as for lettuce breeders (Lebeda et al., 2007 (Lebeda et al., , 2009a Mou, 2008) .
Morphological Variation in Lactuca serriola
Based on the morphology of rosette and cauline leaves, 80% of plants representing 231 North American accessions could be assigned to L. serriola f. serriola. Formation of basal rosettes was recorded in 77% of the plants, while the remaining ones quickly bolted.
After bolting, all but one plant of L. serriola branched exclusively in the upper part of stem. The one exception branched along the whole stem. Basal branching was not observed. In 98% of the plants evaluated, we observed that stems were armed with prickly trichomes with rigid points, located mainly along the lower parts of the stem. In the majority of plants, small flexible trichomes, difficult to break, were recorded at a moderate density (Fig. 1) . Corymbose panicles were characteristic of all L. serriola plants. Anthocyanin in bracts was present in 80% of the plants, where a majority of those (43%) displayed anthocyanin at the apex. Other examples of anthocyanin distribution on the bracts included stripes (20%) and spots (3.5%) (Fig. 1) . Combinations of spots and stripes, or spots with the presence of anthocyanin at the apex were rarely recorded.
DNA Content Variation in L. serriola
The mean value of absolute 2C DNA content of L. serriola as determined in our laboratory was 5.86 pg and ranged from 5.79 to 5.89 pg. The lowest absolute 2C DNA value was found in a sample originating from Toronto, Ontario, the highest was in a sample from Dodgeville, Wisconsin. Differences within individual samples were low, ranging from 1.7% in a sample from Buffalo, Wyoming to 2.89% in a sample from Toronto. In an independent evaluation of absolute content of DNA conducted at the Department of Botany of Charles University, Prague, 2C DNA values ranged from 5.73 to 5.82 pg. The mean value was 5.77 pg. In the Charles University evaluation, the lowest and highest contents values were both found in samples originating from Toronto. Their differences within individual samples were low as well, ranging from 0.7% in a sample from Toronto to 2.77% in a sample originating from Dodgeville.
Although some works confirm the existence of noticeable intraspecific variability in the content of nuclear DNA (Ohri, 1998) , other authors consider nuclear DNA content as a species-specific character (Greilhuber, 1998) . Our data on nuclear DNA content in L. serriola, with such limited variation among 10 samples, tend to support the view of Greilhuber (1998) .
A key difference between nearly all species of Lactuca native to North America and those of other regions is their haploid chromosome number. This group is characterized by the consistent presence of the haploid chromosome number, n=17, making it both geographically and genetically isolated (Lebeda et al., 2007) . These species are of amphidiploid origin, resulting from interspecific crossing, chromosome doubling (perhaps through unreduced-gamete formation), and subsequent hybrid stabilization (or diploidization) (Feráková, 1977) . In these species, higher contents of nuclear DNA have been established in comparison with Eurasian taxa (Doležalová et al., 2002b) . This is true for above mentioned species except for L. tatarica subsp. pulchella with a haploid chromosome number, n=9 (Tomb et al., 1978) .
AFLP Polymorphism of L. serriola
In total, we detected 324 AFLP fragments with 268 (82.7%) polymorphic among 47 accessions analyzed. Bootstrapped UPGMA clustering distinguished accessions into four major groups with significant bootstrap values (Fig. 2) . Group A represents an isolated cluster. Group B includes only 5 samples from Slovenia, which were used as an outgroup. There was a small cluster of three samples in group C, and a much larger one (group D) containing all remaining samples. There were no significant differences in morphological or provenance data for samples from groups A and C (Fig. 2) . However, within cluster D one can distinguish two sub-clusters, which do correspond to some geographically distinct regions. Sub-cluster D1 represents samples collected exclusively in California, Nevada, Utah, Oregon, and Arizona, whereas samples from the northern part of the USA (Oregon, Wyoming, Wisconsin) and Canada (Quebec, Ontario) are present in sub-cluster D2. Evidently, the Sierra Nevada Mountains and other geographic barriers form a natural boundary between L. serriola populations collected along the Pacific coast and in the southwest and those populations sampled northward and eastward (Rocky Mts., Great Plains and Southeastern Canada). However, we should point out that the bootstrap values supporting the entire group D are relatively weak.
AFLP and isozyme studies conducted on European L. serriola populations showed that accessions originating in various eco-geographical conditions differed significantly in their genetic and protein polymorphisms (Lebeda et al., 2009b) . AFLP and other molecular approaches should elucidate genetic relationships among all L. serriola populations, and increase our knowledge about intraspecific variability of those found in North America (Kitner et al., 2009) .
CONCLUDING REMARKS
Our research has been investigating the North American continent as a new source of wild Lactuca germplasm variability, which should be conserved and evaluated, and then scientifically exploited in practical lettuce breeding. Initial morphological assessment of L. serriola samples acquired from North America revealed considerable intraspecific phenotypic variation. Morphological data obtained during the multiplication of seed samples under controlled conditions are important for future research aimed at clarifying relationships between quantitative and qualitative morphological traits and ecogeographic factors. Thus, we intend to conduct detailed morphological studies with this goal in mind, along with the application of AFLP and other molecular approaches to elucidate relationships among populations. 
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